HE SHEAR properties of a fabric determine its performance properties as well as the appearances where it is subjected to a wide variety of complex deformations during usage as apparel. In this paper, woven fabrics have been made of cotton spun yarns with three different spinning techniques (ring spun, open-end spun and compact ring spun yarns) in weft direction. Some twill based weave structures were manufactured on the weaving machine with varying the weft density level. The Kawabata Evaluation System was used to measure the shear properties; shear rigidity, shear hysteresis at 0.5 deg.shear angle and shear hysteresis at 5 deg. shear angle. A statistical analysis was performed to get the effect of decided parameters on shear. A highly significant effect of the weave structures and weft density on the measured shear properties were found, while the type of weft yarns has insignificant effect. A multiple linear regression equations were derived to get a mathematical relationship between the influencing parameters; (the float length, yarn diameter, and weft density) and the shear properties. The derived regression equations had high correlation coefficients values.
Introduction
The shear behavior of a fabric determines its performance properties when subjected to a wide variety of complex deformations in use. The ability of a fabric to be deformed by shearing distinguishes it from other thin sheet materials such as paper or plastic films. Jurgita and Eugenija [1] stated that this property enables fabric to undergo complex deformations and to conform to the shape of the body. They added that shearing influences draping, flexibility and also the handle of woven fabric. Shear properties are important not only for fabrics and/or clothing but for textile composites as well. Lo and Hu [2] stated that shear properties of woven fabrics are important in many applications the understanding of fabric shear behavior were introduced by many early trials of measuring it. Dreby [3] , Go et al [4] , Mornerand Eeg-Olofsson [5] , and Kawabata [6, 7] each introduced a shear apparatus to measure fabric shear properties.
Fabric Objective measurements
Cusick [8] , Lindberg et al. and Grosberg and Park [9] used a qualitative method to describe shear properties with a model which are based on the concept of Low-Stress Mechanical Properties of Fabrics. They indicated that the hysteresis produced during shearing is determined wholly by the frictional restraints arising in the rotation of the yams from the intersecting points in the fabric.
Fabric Hand, Drape, and Appearance
Many literature proves that the shear mechanism is one of the important properties influencing the draping, pliability, and handle of woven fabrics [6, 7, 11] . Shear deformation of woven fabrics also affects their bending and tensile properties in various directions other than just the warp and weft directions [3, 9, 12] .
In addition some literature [12, 13] properties of a plate. The uniaxial tension of a biascut fabric specimen is relatively simple and may be carried out on any extensometer. This method of fabric properties investigation is therefore the most appropriate for industrial use. However, when this test is applied to fabric, shearing is non-uniform throughout the specimen due to the distortion of width uniformity. Shear angle is one of the main criteria for characterizing the formability of fabrics. As the fabric is fitted onto a superficial surface, shearing occurs incrementally until the critical shearing angle is reached. When this angle exceeds a strict value, the specimen starts to buckle. wrinkling is observed.
Objectives of this article are Studying the effect of the weave structure, type of weft yarn spinning and weft density on the shear properties measured on Kawabata Evaluation System; KES-F (shear rigidity, shear hysteresis at 0.5 deg. shear angle and shear hysteresis at 5 deg. shear angle). In addition to deriving a mathematical relationship between the influencing parameters; (the float length, yarn diameter, and weft density) and the measured shear properties, to be used as reliable predictive models. 
Experimental

Results and Discussion
The KES shear measurements The measured shear properties G, 2HG, and 2HG5 of the fabrics under study are shown in Table  1 . The 27 fabric samples contain 3 weave structures, 3 weft spun yarns, and 3 weft densities.
To achieve the objective of deriving mathematical reliable predictive models some calculations and measurements are developed to characterize both weave structures and weft spun yarns numerically.
Fabric float length
The average float length of the 3 fabric structures are calculated according to the following equation: 
Regression analysis
To perform regression analysis, 3 predictors are used:
X1: average float length AFL X2:
yarn dia (mm) X3:
weft density/cm
The response is the KES shear properties measured
The multiple linear regression model was performed and coefficient of correlation was calculated to check the linearity of the relationship
Shear rigidity; G (gf/cm)
The following table summarizes the Regression Statistics of Shear rigidity; G From the previous table it could be concluded that linear regression model is acceptable for predicting Shear rigidity; G as coefficient of correlation R=0.94.
Both x1 and x3 have significant effect on G (p-value=1.88E-11 and1.65E-05 resp.), while insignificant effect is found by x2 (p-value=0.542142.) which may indicate that the yarn diameters are close to each other.
Shear hysteresis at 0.5 deg. shear angle; 2HG (gf/ cm)
The following table summarizes the Regression Statistics of Shear hysteresis; 2HG Both x1 and x3 have significant effect on G (p-value=1.01E-09 and 0.000465 resp.), while insignificant effect is found by x2 (p-value=0.276666). More efforts are needed from researchers and product developers to facilitate shear characteristics by simpler and reasonable ways.
Conclusion
The shear properties of apparel fabrics need to be measured and predicted accurately by both the fabric and clothing manufacturers for expecting its performance, hand, drape, and appearance. Shear properties executed by KES-F system can be easily mathematically predicted accurately using liner and/or nonlinear regression models from simple measurements for the fabric float length, density, and yarn diameter.
The fabric hand and drape have a direct relationship with the KES shear measurements.
